Flagellar rotation in the archaeon Halobacterium salinarum depends on ATP.
Halobacterium salinarum swims with the help of a polarly inserted flagellar bundle. In energized cells, the flagellar motors rotate continuously, occasionally switching the rotational sense. Starving cells become immotile as the energy level drops. Presumably, there is a threshold of energy required for flagellar rotation. When starved, immotile cells are energized by exposure to light, the speed of flagellar rotation increases gradually to its steady state over several minutes. Since the light-driven proton pump bacteriorhodopsin energizes the cell membrane to the maximal level within a fraction of a second, the delay in reaching the maximal swimming speed suggests that the halobacterial flagellar motor may not be driven directly by proton motive force. Swimming cells, which obtain their energy exclusively through light-driven proton pumping, become immotile within 20 min when treated with N,N'-dicyclohexylcarbodiimide (DCCD), an inhibitor of the proton translocating ATP synthase. However, flagellar motility in DCCD-treated cells can be restored by the addition of L-arginine, which serves as a fermentative energy source and restores the cytoplasmic ATP level in the presence of DCCD. This suggests that flagellar motor rotation depends on ATP, and this is confirmed by the observation that motility is increased strongly by L-arginine at zero proton motive force levels. The flagellar motor may be driven either by ATP directly or by an ATP-generated ion gradient that is not coupled directly to the proton gradient or the proton motive force of the cell.